Abstract A neutron flux monitor (NFM) is a key diagnostic system in the International Thermonuclear Experimental Reactor (ITER), and may provide readings of a series of important parameters in fusion reaction processes. As a valuable part of the main electronics system of the NFM, the high-speed baseline restorer we designed is an important signal conversion plug-in which can restore the input signal baseline offset to a zero level, while keeping the output pulse signal waveform from the preamplifier basically unchanged.
Introduction
The International Thermonuclear Experimental Reactor (ITER), the first experimental fusion reactor in human history, is a major international cooperation project in which China has participated, and during whose operation processes many important parameters need to be detected [1] . As an important research subject in ITER, the neutron flux monitor (NFM) may provide readings of a series of important parameters in fusion reaction processes, such as neutron yield, fusion energy and energy density [2] . As shown in Fig. 1 , the frame diagram of the NFM in ITER consists of three major parts: the fission chamber detector (FC) [1] , the preamplifier and the main electronic system. The running process of the NFM is divided into two work modes: the digital n-γ pulse shapediscriminator (n-γ PSD) mode [3] and the analog automatic gain adjustment Campbell integrator (AGACI) mode. The high-speed baseline restorer (HSBR) is an important signal conversion plug-in from the preamplifier to n-γ PSD and AGACI, which can restore the baseline offset introduced by the preamplifier to a zero level, while keeping the output pulse signal waveform from the preamplifier basically unchanged.
The necessity of a new HSBR design
In the main electronic system of the NFM, n-γ PSD and AGACI are very sensitive to the baseline offset of their input signal. The size of the n-γ PSD input signal baseline offset directly affects the accuracy of the signal amplitude and the rise-time discrimination. The greater the input signal baseline offset, the worse the discrimination result of the n-γ PSD. Both the pulse signal and the baseline will be integrated by AGACI. If the AGACI input signal baseline is not of a zero level, then the errors caused by the baseline offset will be added to the AGACI output integral result, or even worse the effect of the baseline offset is even more than the integral contributions of the effective pulse signal, thus such results are completely unreliable. Therefore, to make the output of n-γ PSD and AGACI believable, the signal baseline received by n-γ PSD and AGACI should be basically of a zero level. However, it is very difficult to control the preamplifier baseline offset within a few mV, so it is necessary to add a HSBR between the preamplifier and n-γ PSD or AGACI. It is found that the analog bandwidth of the baseline restorer mentioned in the literature is not more than 20 MHz [4] , which cannot meet the requirements set by the high-speed signal transmission system, hence it becomes an inevitable choice to design a new HSBR to meet the requirements of the main electronic system in the NFM.
The principle design of the HSBR
As shown in Fig. 2 , the HSBR consists of seven major parts: AC-coupled circuit, baseline feedback control, voltage-controlled current compensation, constant current source, buffer, pulse shaping filter and power. The AC-coupled circuit is used to block DC signals and pass the AC signals, so that the baseline offset of the input signal is eliminated and the effective pulse signal is retained by the AC-coupled circuit. But for the single-phase random nuclear pulse signal, the ACcoupled circuit will also bring negative effects because of the negative overshoot. Once the pulse signals become more intensive, the AC-coupled output signal will have baseline drift due to the negative overshoot accumulation. Baseline feedback control acquires the buffer output signal, and once a negative overshoot from the buffer output emerges, the baseline feedback control circuit will provide a feedback control voltage for the voltage-controlled current compensation. The greater the negative overshoot, the stronger the feedback control voltage. When the feedback control voltage is received, the voltage-controlled current compensation circuit begins to provide current to the buffer input to eliminate the negative overshoot. The stronger the negative overshoot of the buffer output signal, the stronger the ability of the voltage-controlled current compensation, so the function of the constant current source is to provide a steady current supplement to the voltagecontrolled current compensation circuit. The buffer will improve the driving capability of the baseline restorer, and the pulse shaping filter is used to shape the singlephase nuclear pulse signal and filter the high frequency noise.
In order to ensure that the high-speed nuclear pulse signal does not produce waveform distortion through HSBR, the 3 dB analog bandwidth of all the analog chips in the HSBR is chosen to be wider than 1 GHz.
The tested circuit parameters 4.1 Observation of input and output signal waveforms
The input signal is a waveform with a rise time of T r = 50 ns, fall time of T f = 150 ns and an amplitude of V i = 570 mV, while the output signal is the one with a rise time of T r = 50 ns, fall time of T f = 160 ns and an amplitude of V o = 562 mV. The baseline offsets of the input and output signals are both less than 1 mV.
The following conclusions can be drawn from the actual measurement. Compared with the input signal rise time, the output signal rise time is essentially unchanged. However, the output signal fall time will become slow and its amplitude will be slightly attenuated. Fortunately these changes have little effect on the subsequent treatment.
The amplitude linearity of the HSBR
In the laboratory, an analog signal generator is used to generate a square wave pulse signal with a rise time of T r = 5 ns, a fall time of T f = 5 ns, a width of 200 ns and a pulse frequency of f = 1 MHz. The input signal amplitude varies from 0.1 V to 3.5 V, with a changing step of 0.1 V. Any change of the output signal amplitude will be recorded. The result is shown in Fig. 3 . Fig.3 The relationship between the input and output signal amplitudes According to Fig. 3 , the amplitude linear range of the HSBR is 0 ∼ 3 V. When the input signal pulse amplitude of the HSBR is less than 3 V, the linear correlation coefficient of linear regression R is 1.
The baseline stability of the HSBR
An analog signal generator is used to generate a signal similar to the neutron pulse, with a rise time of T r = 80 ns, a fall time of T f = 160 ns, a width of 160 ns, an amplitude of V i = 200 mV and a signal frequency of f = 1 MHz. The input signal baseline amplitude is varied from −3 V to +3 V with a changing step of 100 mV. Then the size of the output signal baseline of the HSBR can be recorded accordingly. The result is shown in Fig. 4 . The result of the test is that the baseline stability of the HSBR output signal is within ±1 mV. The test result is as follows: when the input signal rise time is 5 ns, the output signal rise time is 7 ns; when the input signal rise time is 8 ns, the output signal rise time is 9 ns; and when the input signal rise time is 10 ns, the output signal rise time is 11 ns. The analog bandwidth of the HSBR calculated by the data above is more than 200 MHz.
The long-term stability of the HSBR
When the input signal is of a zero level, the test of the HSBR output signal baseline drift in 12 hours shows that the baseline amplitude fluctuates basically within ±1 mV, as shown in Fig. 5 .
Conclusion
In order to solve the problem of the preamplifier output signal baseline offset in the NFM for ITER, we specifically developed a HSBR. While keeping the waveform of the output high-speed single-phase pulse Fig.5 The changes in the output signal baseline amplitude over 12 hours produced by the preamplifier basically unchanged, the HSBR can restore the baseline offset back to a zero level. The main electronic system of the NFM for ITER, which is composed of the HSBR, n-γ PSD, AGACI and a time-division data collection system, has successfully achieved the expected target by using a simulated neutron signal in the laboratory. After this, in cooperation with the FC and the pre-amplifier, the main electronic system of the NFM for ITER has carried out integrated testing in the steady neutron radiation field, and the experimental result has achieved the anticipated goal.
